Atrial fibrillation (AF) is common, and is associated with an increased risk of stroke. Patients' absolute risk of stroke depends on the presence or absence of additional risk factors as well as AF, including prior thromboembolism, increased age, hypertension, diabetes, structural heart disease, and female sex. The risk to benefit ratio of stroke prevention therapy differs according to the patients' absolute risk. There is evidence that even those with an estimated annual stroke risk of 2%-4%, who were once classified as medium risk, would benefit from anticoagulation and should be included in an expanded high-risk category. Alternatives to anticoagulation include the restoration of sinus rhythm and left atrial appendage surgery, but these may not be suitable for many high-risk patients with comorbidities. Antiplatelets are substantially less effective than anticoagulation and cause similar rates of bleeding. Self-monitoring and computerized decision support increases the time in therapeutic range and effectiveness of vitamin K antagonists. Novel oral anticoagulants including dabigatran, rivoraxaban, and apixaban have been shown to be noninferior to warfarin, do not require monitoring, and increase the prescribing options for stroke prevention in AF.
Introduction
Atrial fibrillation (AF) is associated with a five-times increased risk of stroke 1 and currently accounts for at least 15%-20% of ischemic strokes in the United States. 2 Prevalence rises with age and is increasing as the population ages; at least 6% of Medicare patients $65 years currently have AF, 3 and by 2050 it is estimated that up to 16 million adults in the United States will have AF. 4 This article focuses on how to treat patients with AF who are at high risk of stroke, exploring the changing practical definition of high risk, discussing alternatives to the current gold standard treatment of anticoagulation -including cardioversion, surgery, and antiplatelets -before focusing on the best use of novel anticoagulants and vitamin K antagonists.
Defining high risk
In the recent past, clinicians segregated the risk of stroke in patients with AF into low, medium, and high risk, with only patients with estimated risk of stroke of greater than approximately 5% per year deemed to be at high risk and routinely appropriate for anticoagulation (see Figure 1A) . 5 Patient risk level was established based on the presence or absence of additional risk factors for stroke, the most evidence-based of which include prior stroke/transient ischemic attack (TIA), prior thromboembolism, increased age, hypertension, diabetes, structural heart disease, and female sex. [6] [7] [8] Various risk stratification scores have been developed to combine some of these risk factors, of which the most prominent are CHADS 2 (Congestive heart failure, Hypertension, Age 75 years, Diabetes mellitus, and prior Stroke or transient ischemic attack) 9 and CHA 2 DS 2 -VASc (Vascular disease, Age 65 years, Sex category) 10 (see Table 1 and Figure 2 ). Patients with CHADS 2 scores of 1 and an estimated stroke risk below 2%-4% were often advised that the side effects of treatment (primarily bleeding) did not justify anticoagulant treatment.
Recent studies provide stronger evidence for clinically significant and safe stroke prevention when anticoagulation is used in patients who were once deemed to be medium risk. The BAFTA study (see Table 2 for an explanation of trial acronyms) demonstrated a relative risk (RR) of 0.48 (95% confidence interval [CI]: 0.28-0.80, absolute yearly risk = 1.8% vs 3.8%) for all stroke and systemic embolus in patients aged over 75 years treated with warfarin versus aspirin. This relative and absolute risk reduction was sustained in patients with CHADS 2 scores of 1-2 (0.47 RR, 95% CI: 0.23-0.89, absolute yearly risk = 1.5% vs 3.3%) and bleeding rates were similar in both groups. 11 The ACTIVE-W (Atrial fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular Events) trial, which compared warfarin with the combination of aspirin and clopidogrel, demonstrated significant stroke reduction in patients with a CHADS 2 score of 1 treated with warfarin (0.43% vs 1.25%). 12 The AVERROES study, which compared the anticoagulant apixaban with aspirin, demonstrated a clinically relevant reduction in stroke or systemic embolism in patients with CHADS 2 scores of just 0-1, with no increase in major bleeding (absolute risk 0.9% vs 1.6%, a difference which was not significant). 13 Complicated risk stratification may therefore be unnecessary, and more patients should be treated as high risk even if their estimated annual risk estimate is 2%-4% (see Figure 1B ). This is consistent with research into patient attitudes that suggests that the majority of patients would choose warfarin even if it reduced their stroke risk by just 1% per annum. 14, 15 In addition, the CHADS 2 and CHA 2 DS 2 -VASc scores predict stroke risk poorly, producing c-statistics better than chance but lower than those achieved by other cardiovascular risk stratification scores (ranging from 0.55 to 0.62 when applied to the BAFTA cohort). 16 Therefore the current European Society of Cardiology guidelines suggest the use of anticoagulation over aspirin in patients with AF who are greater than 75 years of age or who have previously had a stroke/TIA, the two factors most strongly correlated with future stroke risk. 8, 17 They also advise a preference for anticoagulation in patients with AF with any risk factor for stroke (ie, any of the individual risk factors listed in the CHA 2 DS 2 -VASc score). 18 However, for patients with just one risk factor, the absolute benefit of treatment will be lower, and so some patients may prefer not to be treated, 14, 15 and some treatments may not be cost-effective. The absolute risk of stroke may also be lower in patients with very occasional asymptomatic paroxysmal AF that can be detected with new, highly sensitive technologies, 19, 20 although current guidelines continue to suggest treating stroke risk similarly in all patients with persistent and paroxysmal AF. 18, 21 
Alternatives to anticoagulation: restoration of sinus rhythm
Restoration and maintenance of sinus rhythm through medication (sometimes combined with electrical cardioversion) or through catheter ablation has not been shown to be an effective alternative to anticoagulation for patients at high risk of stroke, but may be a useful addition in patients in persistent or paroxysmal AF as maintenance of sinus rhythm is most likely to be successful in this group. In 2002, the AFFIRM (Atrial Fibrillation Follow-up Investigation of Rhythm Management) randomized controlled trial demonstrated a nonsignificant increase in both death and stroke in patients randomized to a rhythm-(as opposed to rate-) controlling strategy. 22 This may be related to side effects of rhythm-controlling medications and the fact that only 62.6% of patients in the rhythm control arm were actually in sinus rhythm at 3 years. Indeed, a post-hoc analysis demonstrated an association between successful maintenance of sinus rhythm and survival. 23 While this may merely be an association without causation, it supports the notion that an effective sinus rhythm maintenance strategy could add to survival and stroke prevention in patients with AF.
The ATHENA trial that was published in 2009 treated 4628 patients aged over 70 years with persistent or paroxysmal AF and additional risk factors using the new antiarrhythmic dronedarone versus placebo, and demonstrated a statistically significant reduction in annual deaths from cardiovascular causes over a mean follow-up of 21 months (2.7% vs 3.9%, RR = 0.71; 95% CI: 0.51-0.98). 24 This reduction was driven by a reduction in deaths from cardiac arrhythmia (1.1% vs 2.1%), and there was no reduction in death from noncardiac vascular causes (predominantly stroke; 0.9% vs 1.0%). As in the AFFIRM study, patients were permitted to continue on their anticoagulant medication regardless of whether sinus rhythm was achieved. Conversely, dronedarone resulted in a statistically significant increase in cardiovascular deaths 
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Atrial fibrillation at risk of stroke and strokes when it was trialed in patients in permanent AF, in whom it increased rates of sinus rhythm by just 2% at 4 months. 25 Catheter ablation, in which tissue-generating or -propagating aberrant electrical pathways in the left atrium are destroyed, has recently become a popular technique for restoring and maintaining sinus rhythm. It is more effective than medication at maintaining sinus rhythm, 26 and is associated with lower rates of stroke when registries of patients who have experienced ablation are compared with equivalent cohorts of patients who have not been ablated. 27, 28 However, large randomized controlled trials comparing ablation versus nonablation have not been undertaken, and the registries that are our best source of evidence on outcomes contain few high-risk patients (the 1273 patients in the Euro Heart Registry had a mean age of 58 ± 11 years and mean CHADS 2 score of 0.9 ± 0.7). 28 Immediate complication rates are approximately 5% even in these lower risk patients. In the Euro Heart Registry dataset, 5.4% of patients experienced a major complication including tamponade (3.1%), hematoma prolonging hospital stay (2.1%), stroke or TIA (0.7%), and death (0.1%).
Stroke risk remains high in older and higher-risk patients after restoration of sinus rhythm. This is because there is a high chance of AF returning with all current methods, and the other risk factors for stroke remain. In patients at high risk of stroke, restoration of sinus rhythm therefore remains a symptomcontrol strategy rather than a stroke-prevention strategy.
In most cases, anticoagulation should be continued even if sinus rhythm is achieved.
Alternatives to anticoagulation: left atrial appendage surgery
A review of echocardiographic, autopsy, and intra-operative findings suggests that approximately 91% of left atrial thrombi are located in the left atrial appendage in patients with nonrheumatic AF. 29 Surgical closure of the left atrial appendage has therefore been tested as an alternative to anticoagulation. The PROTECT-AF study involved 707 patients with at least one additional risk factor for stroke, comparing percutaneous left atrial appendage closure and subsequent discontinuation of warfarin with warfarin treatment with a target international normalized ratio (INR) of 2.0-3.0. 30 After a mean follow-up of 18 months, surgery was found to be noninferior to warfarin (2.3% annual rate of stroke, cardiovascular death and systemic embolism vs 3.2% on warfarin, RR = 0.62; 95% CI: 0.35-1.25), but resulted in significantly more immediate complications, particularly pericardial effusion (4.8% of patients) and device embolization (0.6% of patients) in the surgical group. A longer follow up period may favor the operative approach if it continues to be effective, as the immediate complications may eventually be outweighed by lower long-term bleeding. Additionally, increased surgical experience is likely to improve results. Longer term randomized evidence is not currently available, 31 although observational data show that stroke rates remain reduced for at least 5 years. 32
Alternatives to anticoagulation: antiplatelets
Oral anticoagulation with a vitamin K antagonist such as warfarin is superior to aspirin at preventing stroke in AF. A practical rule of thumb is that warfarin reduces stroke RR by 60%, aspirin by 20%, and warfarin over aspirin by 40%. The latter figure is backed by a meta-analysis of twelve trials with 12,693 participants that demonstrated a RR reduction of 39% (95% CI: 22%-52%). 33 A randomized controlled trial of 973 patients in AF aged over 75 years in a primary care setting found that oral anticoagulation was more effective than aspirin, and equivalently safe. 11 Dual antiplatelets have also been compared with anticoagulation. The ACTIVE W trial compared oral anticoagulation with clopidogrel plus aspirin in 6706 patients in AF who had at least one additional risk factor for stroke. 34 Dual antiplatelets were found to be both less effective (primary endpoint of stroke, systemic embolus, myocardial infarction, or vascular death in 5.6% of patients per annum when on antiplatelets vs 3.9% when on anticoagulation, RR = 1.4; 95% CI: 1.2-1.8) and to cause slightly more bleeding (2.4% vs 2.2% for major bleeding, RR = 1.1; 95% CI: 0.8-1.4; 13.6% vs 11.4% for minor bleeding, RR = 1.2; 95% CI: 1.1-1.3). Analysis of the cohort of all 118,606 Danish patients surviving AF hospitalization between 1997 and 2006 also demonstrates that combined aspirin and clopidogrel is associated with a higher risk of bleeding than warfarin alone (RR = 1.66; 95% CI: 1.34-2.04). 35 Anticoagulation is thus superior to dual antiplatelets in efficacy and safety.
The question can arise of how to manage a patient at high risk of stroke for whom there is a contraindication to anticoagulation such as allergy or inability to monitor treatment. The ACTIVE A trial compared aspirin and clopidogrel to aspirin alone in 7554 patients in AF for whom warfarin was deemed unsuitable and with at least one additional risk factor for stroke, and showed only a marginal decrease in stroke from the addition of clopidogrel to aspirin (2.4% vs 3.3% per year; RR = 0.72; 95% CI: 0.62-0.83) at the expense of increased major bleeding (2.0% vs 1.3% per year; RR = 1.6; 95% CI: 1.3-1.9). 36 American guidelines therefore suggest that if anticoagulation is contraindicated, aspirin alone should always be used, 37 whereas European guidelines permit consideration of dual antiplatelets in this circumstance. 18 Since patients value stroke prevention over major bleeding prevention, 11 the latter approach is perhaps more rational.
The AVERROES study is the first Phase III trial to compare a novel anticoagulant which does not require monitoring versus aspirin. 13 AVERROES compared the factor Xa inhibitor apixaban with aspirin in 5599 patients in AF who were deemed unsuitable for warfarin, and found a substantially lower rate of stroke or systemic embolus in the apixaban group (1.6% vs 3.7% per year; RR = 0.45; 95% CI = 0.32-0.62) with an equivalent rate of major bleeding (1.4% vs 1.2% per year). Apixaban and other novel anticoagulants should end the need to settle for antiplatelets in patients at high risk of stroke.
Care should also be taken to avoid the use of anti-platelets in addition to anticoagulation unless there is a clear indication, such as for a limited period after acute coronary syndrome or percutaneous coronary intervention, or a prosthetic heart valve. 18, 38 There is good evidence that warfarin is at least as effective as aspirin in preventing vascular events following myocardial infarction, 39 while the Danish cohort demonstrated a doubled risk of bleeding in patients on aspirin and warfarin dual therapy, and a more than three-fold risk in patients on clopidogrel-warfarin dual therapy or aspirin-clopidogrel-warfarin triple therapy. 35 Nevertheless, 20%-40% of patients in the Danish cohort and in recent randomized controlled trials were taking an antiplatelet in addition to their anticoagulant. 35, [40] [41] [42] 
New anticoagulant medications
Numerous new anticoagulants have been or are being tested against warfarin for stroke prevention in AF (Table 3 shows those with Phase III studies underway or that have recently been published). These are either activated factor Xa inhibitors (including rivaroxaban, apixaban, edoxaban, betrixaban, and YM150) or direct thrombin inhibitors (dabigatran, AZD0837) and have the advantage of not requiring monitoring. 18 Promising anticoagulants of both classes have failed due to safety concerns, the activated factor Xa inhibitor idraparinux due to a high bleeding risk, 43 and the direct thrombin inhibitor ximelagatran due to concerns about liver damage. 44 However, results from the RE-LY, 40 ROCKET-AF, 42 and ARISTOTLE 41 studies that compare dabigatran, rivaroxaban, and apixaban favorably with warfarin have recently been published (see Tables 4 and 5 ).
Dabigatran versus warfarinthe RE-LY study
The RE-LY study randomized 18,113 patients in AF to one of three equally sized groups: warfarin (target INR 2-3, as in the ROCKET-AF and ARISTOTLE studies), dabigatran etexilate 110 mg twice daily, or dabigatran etexilate 150 mg twice daily. 40 The majority of patients were at high risk of stroke, with 69.1% having two risk factors for stroke (see Tables 3 and 4 ). Although the dose of dabigatran was blinded for patients in the two dabigatran groups, allocation to warfarin was open label. Median follow-up was 2 years (similar to ROCKET-AF and ARISTOLE, see Table 3 ) and the primary efficacy endpoint was stroke or systemic embolism (as in ROCKET-AF and ARISTOTLE). Reductions in hemorrhagic stroke and intracranial hemorrhage were significant and substantial for both doses of dabigatran (as in ROCKET-AF and ARISTOTLE). The headline conclusion from RE-LY is that higher dose dabigatran was associated with lower risk of stroke or systemic embolism, with a similar risk of major hemorrhage, whereas lower dose dabigatran was associated with a similar risk of stroke or submit your manuscript | www.dovepress.com
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Atrial fibrillation at risk of stroke Notes: All studies compared with dose-adjusted warfarin to INR 2-3, used "all stroke or systemic embolism" as the primary endpoint, and a similar definition of major bleeding as the primary safety outcome (except for ROCKET-AF, which combined major and minor bleeding). *Patients split between three treatment groups as opposed to two in other studies. Abbreviations: AF, atrial fibrillation; INR, international normalized ratio.
systemic embolism, with a lower risk of major hemorrhage (see Table 5 ).
Rivaroxaban versus warfarinthe ROCKET-AF study
The ROCKET-AF study randomized 14,264 patients to either warfarin or rivaroxaban 20 mg once daily. 42 All patients were at high risk of stroke (two risk factors for stroke were entry criteria) and therefore patients had substantial levels of preexisting disease (see Tables 3 and 4 ). Both the ROCKET-AF and ARISTOTLE studies used a double-dummy design with dummy INR results given to the nonwarfarin group. The ROCKET-AF study was the least encouraging of the three studies. Rivaroxaban was associated with a small reduction in risk of stroke or systemic embolism (with this reduction being nonsignificant when analyzed on an intention-to-treat basis) and was also associated with a very small, nonsignificant increase in major bleeding (see Table 5 ).
Apixaban versus warfarinthe ARiSTOTLE study
The ARISTOTLE study randomized 18,201 patients to either warfarin or apixaban 5 mg twice daily. 41 Some 66% of patients had two additional risk factors for stroke, and all patients had at least one additional risk factor (see Tables 3  and 4 ). Apixaban was associated with both a lower risk of stroke or systemic embolism and with a lower risk of major hemorrhage (see Table 5 ).
Conclusions from RE-LY, ROCKET-AF, and ARiSTOTLE
Precise comparison between dabigatran, rivaroxaban, and apixaban would require a direct comparison randomized controlled trial, which is unlikely to happen. Major differences between the trials include the older, sicker patient group in ROCKET-AF (which favored higher rates of outcomes) and the lack of blinding in RE-LY. However, since there are now three very large studies comparing novel anticoagulants to warfarin (INR range 2-3) in similar populations, it is possible to draw some broad conclusions about the efficacy, safety, and tolerability of novel anticoagulants. In terms of efficacy, novel anticoagulants outperformed warfarin with regard to the primary outcome of preventing overall stroke and systemic embolism. Dabigatran resulted in the largest reduction, although the numbers needed to treat were 172 versus warfarin. Furthermore, all submit your manuscript | www.dovepress.com 40 ROCKET-AF, 42 and ARiSTOTLE 41 novel anticoagulants reduced annual all-cause mortality by 9%-15%, although this reduction was only statistically significant in the case of apixaban (see Table 5 ).
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With regard to safety, both dabigatran and apixaban resulted in less major bleeding than warfarin (this result was significant for apixaban 5 mg twice daily, but not for dabigatran 150 mg twice daily) and none of the novel anticoagulants were associated with increased liver impairment. A particular concern with dabigatran was a higher rate of myocardial infarction (see Table 5 ), which has been confirmed in a metaanalysis of trials including dabigatran for other clinical indications than AF. 45 This may be because warfarin and other anticoagulants prevent nonembolic vascular events; 39 it is noted that only one of the seven trials included in the meta-analysis was against placebo. Increased risk of myocardial infarction was not shown for apixaban or rivaroxaban. Given that dabigatran 150 mg twice daily was associated with the greatest stroke reduction, clinicians might use dabigatran in patients without strong risk factors for myocardial infarction, and use an alternate anticoagulant such as apixaban or warfarin in patients at high risk of myocardial infarction. Similarly, the fact that dabigatran is largely renally excreted will favor the use of apixaban and warfarin in patients with severe renal impairment. Warfarin remains the treatment of choice for patients with hemodynamically significant valve disease, a prosthetic valve, or advanced liver disease due to an absence of experience with novel anticoagulants in these groups. 46 Novel anticoagulants do not require monitoring, which is a significant advantage with regard to tolerability over warfarin. In the RE-LY, ROCKET-AF, and ARISTOTLE trials, however, discontinuation rates were similar for the novel anticoagulants and warfarin, and in fact were slightly higher for dabigatran and rivaroxaban versus warfarin (see Table 4 ). Crucially, being part of a trial will have encouraged continuation in all groups (as does regular INR monitoring for patients outside of trials), so it will be important to check that cohorts of patients on novel anticoagulants outside of a trial setting continue their anticoagulant medications at rates similar to warfarin, especially given the shorter half-lives of novel anticoagulants.
Improving anticoagulation with vitamin K antagonists
Anticoagulation with vitamin K antagonists such as warfarin has for decades been the most effective preventive strategy in patients with AF at high risk of stroke. A systematic review of six trials containing 2900 patients suggests that adjusteddose warfarin vs placebo reduces stroke by 64% (95% CI: 49%-74%), and this has been used as the gold standard when describing recent competing strategies. Recent guidelines and trials uniformly target an INR of 2.5 with a range of 2-3, 18, 21, [40] [41] [42] as ischemic stroke increases below this level and major bleeding increases above it (see Figure 3 ). Drawbacks of vitamin K antagonists include an increased risk of bleeding and a narrow therapeutic range, which necessitate inconvenient monitoring and are exacerbated by drug and food interactions, a further source of disruption to patients' lives.
A number of scores have been developed to determine bleeding risk in the hope of identifying patients at increased risk of bleeding who should avoid vitamin K antagonists; these include HAS-BLED 47 and HEMORR2HAGES. 48 HAS-BLED incorporates hypertension (160 mmHg systolic), significant liver impairment, submit your manuscript | www.dovepress.com
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Atrial fibrillation at risk of stroke Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 08-Dec-2018 For personal use only. creatinine  200 µmol/L, stroke, bleeding history or disposition, labile INR (time in therapeutic range ,60%), age over 65 years, concomitant use of alcohol, and concomitant use of antiplatelets or NSAIDs. Unfortunately, many of these factors are also risk factors for stroke, and patients at higher risk of bleeding are at higher risk of stroke. It has therefore been suggested that oral anticoagulation be prescribed unless the HAS-BLED score exceeds the CHADS 2 score; 47 however, applying this rule to 1580 patients with AF in the Euro Heart Survey would have resulted in just four patients who had a major bleed not having had anticoagulation, whereas 34 patients who did not have a major bleed would have had their anticoagulation withheld. 47 The European Society of Cardiology suggests using "some caution and regular review" if a patient has three or more risk factors for bleeding. 18 The net impact of bleeding risk scores remains uncertain, and these have not been tested prospectively. It is important to remember that patients at high risk of AF may place more value on the avoidance of stroke and less value on the avoidance of bleeding than the physicians who treat them, 14 and that undertreatment of high risk AF is a far bigger problem than inappropriate treatment: a recent UK primary care database showed that only 51.4% of patients with CHADS 2  1 were receiving warfarin, and of the 48.6% who were undertreated, only 27% had an absolute contraindication. 49 Typical (nontrial) patients, who are more likely to be frail and medically unstable, may be at particularly high risk of bleeding soon after initiation: a cohort of 472 patients with mean age of 77 years (older than in most trials) and therapeutic time in range (TTR) of 58% (equivalent to many trials), demonstrated a 7.2% (95% CI: 4.9%-10.6%) rate of major bleeding within 1 year of initiation of warfarin. 50 This rate is substantially higher than that shown in trials (see Table 5 ), including in trial patients initiated on warfarin: in the RE-LY study, warfarin-naïve patients assigned to warfarin experienced exactly the same rates of major bleeding (3.57% per annum) as warfarin-experienced patients assigned to warfarin. 51 The RE-LY study did not provide evidence that novel anticoagulants have an additional advantage over warfarin during the initiation period, 51 and prospective evidence is lacking on effective methods to identify and reduce risk of bleeding during initiation of anticoagulation.
Methods to improve INR control include self-management and computerized decision support. Self-management includes self-testing with a hand-held device that allows patients to measure their INR and then either self-adjust their treatment according to a predetermined dosing schedule or submit your manuscript | www.dovepress.com
Dovepress
42
Edwards et al
Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 08-Dec-2018 For personal use only. contact a health care professional. Systematic reviews of selfmanagement demonstrated that patients who self-monitor and self-adjust their anticoagulation had significantly lower rates of stroke and bleeding, although in half of the studies less than 50% of eligible patients were able to complete the necessary training. 52, 53 Computer-assisted dosing has similarly been found to nonsignficantly reduce rates of stroke and bleeding, with improved INR control. 54 Conversely, genotyping -which is appealing, as polymorphisms of the genes for vitamin K epoxide reductase enzyme (VKORC1) and cytochrome P450 2C9 enzyme are known to affect the metabolism and action of warfarin 55 -has not been found to result in significant effects on bleeding rates or TTR when used to guide dosing. 56 Patient safety initiatives to improve standards of training, protocols, patient education, and audit seem likely to improve the efficacy and safety of vitamin K antagonists. 57 Improvements in INR control reduce the advantages of novel anticoagulants over warfarin: in the quartile of centers in the RE-LY study that had the highest TTRs (72.6%), annual rates of stroke and systemic embolus were similar between dabigatran 150 mg and warfarin (1.27 vs 1.34, hazard ratio [HR] = 0.95; 95% CI: 0.61-1.48), and rates of major hemorrhage were nonsignificantly higher in the dabigatran group (3.60 vs 3.11, HR = 1.16; 95% CI: 0.88-1.54). 58
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Cost effectiveness of novel anticoagulants versus vitamin K antagonists
There are an increasing number of cost-effectiveness analyses that extrapolate from RE-LY study data to compare dabigatran etexilate with warfarin; four of these analyses are summarized in Table 6 . The cost-effectiveness calculated in the these analyses differ substantially due to differing populations (the younger population in Freeman et al has a lower stroke risk), 59 assumed cost of stroke care (which is estimated to be considerably higher in Sorensen et al than the other two studies), 60 and cost of the new agent (which is estimated to be highest in Freeman et al).
Analyses found a dabigatran 150 mg BD dose to be more cost effective than a 110 mg BD dose. Pink et al were unable to find a subset of patients in which the lower dose of dabigatran was more cost effective than the higher dose.
The NICE (National Institute for Health and Clinical Excellence, UK) development technology appraisal for dabigatran was released in November 2011 and is shown in Table 6 . 61 The ICER (a measure of the ratio of the increased cost of switching treatment to dabigatran against the gain in quality-adjusted life years) that was calculated was dependent on the cost of warfarin monitoring, which was assumed to be £241.54 per annum. The cost of dabigatran was assumed to be £2.52 (excl VAT) per day in the NICE appraisal, which is higher than in the study by Sorensen et al, 60 but substantially lower than in Freeman et al. 59 In the subset of patients who have good INR control, dabigatran is not cost effective compared with warfarin, while in those with the best INR control (time in therapeutic range of at least 83.7%) the estimated ICER rises to £47,000 per quality adjusted life year (QALY) gained. 61 These cost-effectiveness analyses all compare dabigatran to warfarin. One of the major potential advantages of the new submit your manuscript | www.dovepress.com
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Atrial fibrillation at risk of stroke anticoagulants is that they should allow more people to be treated with an anticoagulant than is currently the case. In this instance, the cost-effectiveness analysis would be a new anticoagulant versus nothing, or versus aspirin. Such costeffectiveness analyses have not been carried out, but given the significant improvement in efficacy of the new anticoagulant regime, 13 use in such fashion is likely to be highly cost effective. The new anticoagulants are cost effective compared to warfarin, and warfarin is cost effective compared to aspirin. 62
Conclusion
Recent evidence favors treating a higher proportion of patients with AF with an anticoagulant. Left atrial appendage surgery may be an alternative for some patients, but more research is required to ensure that it is safe and has long-lasting benefits that are reproducible on a population level. Maintenance of sinus rhythm without continued anticoagulation is not an alternative for most high-risk patients, partly due to the low success rate in patients with comorbidities. Antiplatelets should almost never be used in high-risk patients due to the clear superiority of anticoagulants and the increased variety of anticoagulants available to patients with specific intolerances. The general recommendation to use anticoagulation -either a novel agent or a vitamin K antagonist such as warfarin -is clearer than ever, with the key current debate being the decision over which to use.
Professional guidelines generally predate the ROCKET-AF and ARISTOTLE studies and comment on the merits of dabigatran versus vitamin K antagonists. American and European professional guidelines neutrally permit the use of dabigatran or vitamin K antagonists. 18, 46 Specific judgments about the best dosage of dabigatran have been made, with the US Food and Drug Administration (FDA) not licensing the use of dabigatran 110 mg twice daily on the basis that 150 mg twice daily was more effective at reducing stroke and systemic embolus, and this was the more important outcome (major bleeding, which was lower with 110 mg twice daily, is usually treatable). 63 Some bodies, such as NICE, take costeffectiveness explicitly into account in their assessments, 61 and this may lead to a preference to use warfarin as a first-line treatment unless INR control is poor despite good compliance, or warfarin is not tolerated. 64 Specific situations -such as previous myocardial infarction, high bleeding risk, or renal impairment -will favor one anticoagulant over another, but the range of options is expanded.
A number of questions remain, particularly regarding the superiority of dabigatran and other novels over warfarin submit your manuscript | www.dovepress.com
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Edwards et al in nontrial settings that are achieving excellent TTRs, and the safety and efficacy of novel anticoagulants over the long term in non-trial settings. 65 If many patients are to be tried on warfarin first, it remains unclear at what level of TTR should they be switched, and which patients -perhaps those with high bleeding risk -should skip the warfarin step altogether.
Differences in efficacy between warfarin and the best new anticoagulants are smaller than the differences between anticoagulation and no anticoagulation, so the main benefit of novel anticoagulants will be an increase in treatment options so that a greater proportion of high-risk patients can receive treatment. 
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